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THREE-DIMENSIONAL TOUCH SENSING
METHOD, THREE-DIMENSIONAL DISPLAY
DEVICE AND WEARABLE DEVICE

TECHNICAL FIELD

Embodiments of the present disclosure relate to a three-
dimensional touch sensing method, a three-dimensional
display device and a wearable device.

BACKGROUND

As one technical hot spot at present, a touch technology
has been widely used in a 2-Dimensional (2D) display
device, and particularly, achieves a commercial success 1n
application 1n an 1ntelligent terminal device. However, for a
3-Dimensional (3D) display device which gradually rises 1n
recent years, a traditional touch technology has demon-
strated a considerable degree of limitation.

For example, a 3D game can provide a user with a vivid
and lifelike brand new gaming experience; and 11 1n a course
ol a game, the user also has to operate by touching a screen
with his/her fingers, 1t will undoubtedly bring quite bad
influence to user experience of the game. Thus, 1 game
operation may be performed by directly touching a three-
dimensional image 1nstead of the screen, 1t 1s undoubtedly an
excellent experience for the user.

Theretfore, how to sense a touch of the user in a three-
dimensional space has become a techmical problem to be
urgently solved 1n the present technical field.

SUMMARY

Embodiments of the present disclosure relate to a three-
dimensional touch sensing method, a three-dimensional
display device and a wearable device, which may implement
sensing the touch action of the user in the three-dimensional
space.

In one aspect, an embodiment of the present disclosure
provides a three-dimensional touch sensing method, com-
prising: receiving an electron beam being perpendicularly
incident to a preset plane on the preset plane, the electron
beam having a preset emission intensity; obtaining a recep-
tion position and a reception intensity of the electron beam:;
determining a projection position of a touch position on the
preset plane according to the reception position of the
clectron beam; and calculating a distance from the touch
position to the preset plane according to the reception
intensity of the electron beam and the preset emission
intensity.

In another aspect, an embodiment of the present disclo-
sure provides a three-dimensional display device, compris-
ing: a preset plane, positioned at a preset position i a
thickness direction; a plurality of recetving units, the receiv-
ing units being used for receiving an electron beam being
perpendicularly incident to the preset plane on the preset
plane, the electron beam having a preset emission intensity;
an obtaining unit connected with the plurality of receiving
units, the obtaining unit being used for obtaining an iden-
tifier of the recerving unit which receives the electron beam,
and a reception intensity of the electron beam received by
the receiving unit; a determining unit connected with the
obtaining unit, the determining unit being used for deter-
minming a projection position of a touch position on the preset
plane according to the identifier of the receiving umit
obtained by the obtaining unit; a calculating unit connected
with the obtaining unit, the calculating unit being used for
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calculating a distance from the touch position to the preset
plane, according to the reception intensity of the electron
beam obtained by the obtaining unit and the preset emission
intensity.

In still another aspect, an embodiment of the present
disclosure provides a three-dimensional touch sensing
method, comprising: emitting an electron beam having a
preset emission intensity to a preset plane at a preset position
located 1n a thickness direction of the three-dimensional
display device according to claim 7, so that the three-
dimensional display device 1s configured to: receive the
clectron beam being perpendicularly incident to the preset
plane; obtain a reception position and a reception intensity
of the electron beam; determine a projection position of an
emission position of the electron beam on the preset plane
according to the reception position of the electron beam:;
calculate a distance from the emission position of the
clectron beam to the preset plane by a preset electron beam
intensity attenuation relationship, according to the reception
intensity of the electron beam and the preset emission
intensity.

In still another aspect, an embodiment of the present
disclosure provides a wearable device, comprising: an emit-
ting unit, the emitting umit being used for emitting an
clectron beam having a preset emission intensity to a preset
plane at a preset position located in a thickness direction of
a three-dimensional display device, so that the three-dimen-
sional display device 1s configured to: receive the electron
beam perpendicularly incident 1nto the preset plane; obtain
a reception position and a reception intensity of the electron
beam; determine a projection position of an emission posi-
tion of the electron beam on the preset plane according to the
reception position of the electron beam; and calculate a
distance from the emission position of the electron beam to
the preset plane by a preset electron beam intensity attenu-
ation relationship, according to the reception intensity of the
clectron beam and the preset emission intensity.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to clearly illustrate the technical solution of the
embodiments of the invention, the drawings of the embodi-
ments will be briefly described in the following; 1t 1s obvious
that the described drawings are only related to some embodi-
ments of the invention and thus are not limitative of the
invention.

FIG. 1 1s a flow schematic diagram of steps of a three-
dimensional touch sensing method according to an embodi-
ment of the present disclosure;

FIG. 2 1s a structural block diagram of a three-dimen-
sional display device according to an embodiment of the
present disclosure;

FIG. 3 1s structural diagram of a partial circuit of a
three-dimensional display device according to an embodi-
ment of the present disclosure;

FIG. 4A 1s a top-view structural schematic diagram of a
three-dimensional display device near a preset plane accord-
ing to an embodiment of the present disclosure;

FIG. 4B 1s a sectional schematic structural diagram of
A-A' of FIG. 4A; and

FIG. 5 1s a principle diagram of three-dimensional touch
sensing according to an embodiment of the present disclo-
sure.

DETAILED DESCRIPTION

In order to make objects, technical details and advantages
of the embodiments of the invention apparent, the technical
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solutions of the embodiment will be described 1n a clearly
and fully understandable way 1n connection with the draw-
ings related to the embodiments of the invention. It is
obvious that the described embodiments are just a part but
not all of the embodiments of the invention. Based on the
described embodiments herein, those skilled in the art can
obtain other embodiment(s), without any 1nventive work,
which should be within the scope of the mvention.

FIG. 1 1s a flow schematic diagram of steps of a three-
dimensional touch sensing method according to an embodi-
ment of the present disclosure. With reference to FIG. 1, the
method comprises:

Step 101: receiving an electron beam being perpendicu-
larly incident to a preset plane on the preset plane, the
clectron beam having a preset emission intensity;

Step 102: obtaining a reception position and a reception
intensity of the electron beam:;

Step 103: determiming a projection position of a touch
position on the above-described preset plane according to
the reception position of the above-described electron beam:;

Step 104: calculating a distance from the above-described
touch position to the above-described preset plane according,
to the reception intensity of the above-described electron
beam and the above-described preset emission intensity.

Exemplarily, the calculating a distance from the above-
described touch position to the above-described preset plane
according to the reception intensity of the above-described
clectron beam and the above-described preset emission
intensity, includes: calculating the distance from the touch
position to the preset plane according to a preset electron
beam intensity attenuation relationship, the reception inten-
sity of the electron beam and the preset emission 1ntensity.

Exemplarily, the electron beam i1s emitted by a wearable
device at the touch position.

It should be noted that, the three-dimensional touch
sensing herein mainly refers to sensing a position designated
by a user when the user views a 3D image; since under
normal circumstances, there 1s no entity displayed by the 3D
image really existing at the position designated by the user,
“touch” here should be understood 1n a broad sense. It can
be appreciated that, for sensing the position designated by
the user, 1t 1s necessary to give a position where a sensing
side 1s located 1n space, and thus, mn an embodiment of the
present disclosure, a “preset plane™ 1s used as a reference
object, so that the position designated by the user may be
expressed as coordinates of the position with respect to the
preset plane.

In an embodiment of the present disclosure, the above-
described wearable device may have a shape of gloves,
finger cots, or a ring and the like, and may emait the electron
beam having the preset emission intensity, i1ts emission
direction may be designed to be the same as a direction
pointed by a finger, so that when the user 1s equipped with
the wearable device, the electron beam having the preset
emission intensity may be emitted along a direction pointed
by the finger. Correspondingly, 1n the above-described step
101, in order to receive the electron beam from the wearable
device and being perpendicularly incident to the above-
described preset plane on the preset plane, the electron beam
that 1s not perpendicularly incident to the preset plane may
be blocked (absorbed and/or retlected). However, 1n other
embodiments ol the present disclosure, it may also be
designed that the emission direction of the electron beam
and the preset plane are perpendicular to each other. For
example, 1n the above-described wearable device, the emis-
s1on direction of the electron beam may also be designed as
a horizontal direction, and when the sensing 1s performed, 1t
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1s ensured that the above-described preset plane 1s vertical,
so that 1n the above-described step 101, the electron beam
from the wearable device and being perpendicularly incident
to the above-described preset plane may be received. It
should be noted that, 1n an actual application scenario, it 1s
almost 1mpossible to achieve an absolute perpendicular
ellect, and thus, “perpendicular’ referred to herein should be
understood as “approximately perpendicular” with a prede-
termined tolerance limat.

After the above-described step 101, in an embodiment of
the present disclosure, by step 102 to step 104 as described
above, an emission position of the electron beam may be
determined according to a reception situation of the electron
beam, and then a position where the wearable device 1s
located and the position designated by the user, that 1s, the
touch position, can be determined.

In the above-described step 102, detection of an intensity
of the electron beam may be implemented by any one or
more of various types of sensors or detectors, and a position
where a maximum intensity of the electron beam detected 1s
positioned i1n the above-described preset plane may be
determined as the reception position of the electron beam.
Thus, the intensity of the electron beam within a predeter-
mined range with the reception position of the electron beam
as a center may be accumulated, to obtain the reception
intensity of the electron beam. It should be understood that,
distribution of detection points on the above-described pre-
set plane and the above-described predetermined range may
both be set according to a specific application scenario,
which will not be repeated here.

In the above-described step 103, since an imncidence direc-
tion of the received electron beam 1s perpendicular to the
preset plane, the reception position of the electron beam on
the preset plane 1s just a projection position of an emission
position of the electron beam on the preset plane. With
respect to the wearable device, the emission position of the
clectron beam and the position designated by the user, that
1s, the touch position, may both be predetermined 1n
advance, and thus, the projection position of the above-
described wearable device on the above-described preset
plane, and the projection position of the position designated
by the user, for example, the touch position on the above-
described preset plane may be determined according to the
reception position of the above-described electron beam.

Exemplarily, the preset electron beam intensity attenua-
tion relationship 1s mainly based on an intensity attenuation
formula before and after the electron beam perpendicularly
passes through a layered medium:

1=l e

Where I, 1s an intensity value belfore the electron beam
passes through the layered medium; I 1s an intensity value
after the electron beam passes through the layered medium;
¢=2.718281828459 . . . 1s the base of natural logarithm; d 1s
a thickness of the layered medium; and m 1s an attenuation
coellicient, which 1s related to material which forms the
layered medium. Accordingly, the reception intensity of the
clectron beam obtained in step 102 may be used as I 1n the
formula, the above-described preset emission intensity may
be used as I, 1n the formula, and the attenuation coeflicient
m 1s just an attenuation coeflicient corresponding to air, and
thus, a thickness of an air medium layer through which the
clectron beam passes may be obtained by calculation. Since
the mcidence direction of the recerved electron beam and the
preset plane are perpendicular to each other, and with respect
to the wearable device, the emission position of the electron
beam and the position designated by the user may be both
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determined 1in advance, a distance from the above-described
wearable device to the above-described preset plane and a
distance from the position designated by the user to the
above-described preset plane may be obtained thereby. Of
course, 11 the electron beam, from emission to reception, also
passes through other non-air medium layer 1n addition to air,
then, according to material of the non-air medium layer and
thicknesses thereoif, an attenuation ratio A of the non-air
medium layer to the electron beam may be calculated
according to the formula above, and then the thickness of the
air medium layer through which the electron beam passes 1s
calculated by a formula below:

[=AI, e

Of course, the distance from the emission position of the
clectron beam to the preset plane 1s equal to a sum of the
thickness of the air medium layer and the thicknesses of the
non-air medium layer (of course, the thickness of the non-air
medium layer may also be 1gnored when 1t 1s sufliciently
small). Further, 1n order to enhance accuracy of calculating
the distance from the position designated by the user to the
preset plane, the attenuation coeflicient in 1 the above-
described preset electron beam intensity attenuation rela-
tionship may be obtained by an actual test performed in
advance.

Finally, after the projection position of the position des-
ignated by the user on the preset plane, and the distance from
the position designated by the user to the preset plane are
determined, coordinates of the above-described position
designated by the user with respect to the preset plane, for
example, coordinates of the touch position with respect to
the preset plane, may be uniquely determined.

It can be seen that, in an embodiment of the present
disclosure, three-dimensional coordinates of the emission
position of the electron beam may be obtained according to
the electron beam received by the preset plane in a perpen-
dicular direction, so as to obtain the position where the
wearable device 1s located. When the user wears the wear-
able device on the finger, a touch of the user 1n a three-
dimensional space may be sensed. Based on this, an embodi-
ment of the present disclosure may be used ifor
implementing touch operation without touching the screen
with the finger, which facilitates implementing a vivid and
lifelike 3D eflect, to enhance user experience.

FIG. 2 1s a structural block diagram of a three-dimen-
sional display device according to an embodiment of the
present disclosure; and the three-dimensional display device
according to the embodiment of the present disclosure is
provided with a preset plane at a preset position 1n a
thickness direction. With reference to FIG. 2, the device
COmprises:

a plurality of receiving units 21 (wherein only one 1s
shown schematically in the diagram) located in the above-
described preset plane, the above-described recerving unit
21 being used for receiving an electron beam emitted by a
wearable device at the touch position and being perpendicu-
larly incident to the above-described preset plane on the
preset plane, the above-described electron beam having a
preset emission 1ntensity;

An obtaining unit 22 connected with the above-described
plurality of receiving units 21, the above-described obtain-
ing unit 22 being used for obtaining an identifier of the
receiving unit 21 which recerves the above-described elec-
tron beam, and a reception intensity of the above-described
clectron beam from the above-described receiving unit 21;

A determiming unit 23 connected with the above-de-
scribed obtaining unit 22, the above-described determining
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6

unmt 23 being used for determining a projection position of
the above-described touch position on the above-described
preset plane according to the identifier of the receiving unit
21 obtained by the above-described obtaining unit 22;

A calculating unit 24 connected with the above-described
obtaining unit 22, the above-described calculating unit 24
being used for calculating a distance from the above-
described touch position to the above-described preset plane
according to a preset electron beam intensity attenuation
relationship, the reception intensity of the electron beam
obtained by the above-described obtaining unit 22 and the
above-described preset emission intensity.

It should be noted that, the three-dimensional display
device according to the embodiment of the present disclo-
sure may emit visible light from a surface of a certain size,
so that emitted light enters human eyes, to form a three-
dimensional 1mage. It can be understood that, a thickness
direction of the three-dimensional display device according
to the embodiment of the present disclosure 1s just a direc-

tion perpendicular to the above-described surface of a cer-
tain size.

It should also be noted that, the display device of the
embodiment of the present disclosure may be: any product
or component having a display function, such as a display
panel, electronic paper, a mobile phone, a tablet computer,
a television, a laptop computer, a digital photo frame, a
navigator, etc.

It can be seen that, the above-described plurality of
receiving units 21, the above-described obtaining unit 22,
the above-described determining unit 23 and the above-
described calculating unit 24 may respectively execute step
101 to step 104 as shown in FIG. 1, and thus may have a
structure and a function corresponding thereto, which waill
not be repeated here. Based on this, the three-dimensional
display device according to the embodiment of the present
disclosure may sense the position of the wearable device 1n
the three-dimensional space, and thus may implement three-
C
C

limensional touch 1n combination with a displayed three-
limensional 1mage.

As an example, the above-described receiving units 21
may specifically include: a plurality of sensing electrodes
21a located 1in the above-described preset plane, and a
common e¢lectrode layer 215 (not shown) having a preset
distance from the above-described preset plane. Therein, the
above-described receiving units correspond to the above-
described sensing electrodes 1n a one-to-one correspondence
relationship. Thereby, the above-described sensing electrode
21a and the above-described common electrode layer 215
constitute two electrodes of a capacitor for receiving the
above-described electron beam emitted by the wearable
device and being perpendicularly incident to the above-
described preset plane. Based on this, the sensing electrode
21a 1n the above-described receiving unit 21 may capture an
clectron arriving at the sensing electrode 21a, so as to
receive the electron beam. Furthermore, the capacitor
formed between the sensing electrode 21a and the common
clectrode layer 215 may store charge, so that the intensity of
the electron beam may be obtained according to an amount
of charges on each sensing electrode 21a. Of course, 1n order
to avoid the common electrode layer 215 from blocking the
clectron beam, the common electrode layer 215 should be
away Irom a surface emitting light of the above-described
three-dimensional display device further than the preset
plane 1n an incident direction of the electron beam.

Further, FIG. 3 1s a structural diagram of a partial circuit
of a three-dimensional display device according to an
embodiment of the present disclosure. With reference to




US 10,725,551 B2

7

FIG. 3, the above-described sensing electrodes 21a are
arranged 1n a plurality of rows and a plurality of columns on
the above-described preset plane (schematically shown as 4
rows and 5 columns in the diagram), and the above-de-
scribed obtaining unit 22 according to the embodiment of
the present disclosure may include:

A plurality of switching modules 22a respectively con-
nected with the above-described sensing electrodes 21a 1n a
one-to-one correspondence relationship, the above-de-
scribed switching modules 22a being used for conducting
clectrical connection between the above-described sensing
clectrode and a second terminal (a terminal shown by “@”
in the diagram) when a signal of a first terminal (a terminal
shown by “@” in the diagram) 1s a first level. Of course, an
internal structure of each of the switching modules 1n the
diagram may be completely the same, and fabricated and
formed by a same process at the same time.

An outputting module 226 connected with a plurality
rows of scanning lines (four rows of scanning lines shown
by G1, G2, G3 and G4 in the diagram), any row of the
above-described scanning lines being also connected with
the first terminal of the switching module 22a connected
with one row of the above-described sensing electrodes 21a;
the above-described outputting module 225 being used for
sequentially outputting a scanning signal of the first level to
the above-described plurality rows of scanning lines within
cach frame. For example, the outputting module 2256 may
sequentially output a single pulse signal with a wavetform as
a signal working at the first level to G1, G2, G3 and G4
within one frame (rising edges of pulses on G1, G2, G3 and
G4 lag sequentially).

An exporting module 22¢ connected with a plurality
columns of sensing lines (five columns of sensing lines
shown by S1, 82, 83, 54 and S5 1n the diagram), any column
of the above-described sensing lines being also connected
with the second terminals of the switching modules 224
connected with one column of the above-described sensing
clectrodes 21a; the above-described exporting module 22¢
being used for sequentially exporting charge on each row of
sensing electrodes 21a within each frame, so as to obtain a
total amount of charge received by each of the above-
described sensing electrodes 21a within a previous frame. It
can be understood that, the switching module 22a may
conduct the above-described sensing electrode 21a and the
second terminal when the signal received by the first termi-
nal 1s the first level, and thus, with outputting of scanming
signals G1 to G5, each row of switching modules 22a are
turned on sequentially, and the sensing electrode 21a and a
signal line connected with the second terminal are con-
ducted, so that the exporting module 22¢ may export the
charge on each sensing electrode 21a row by row. It should
also be understood that, during a period from a time when
the exporting module 22¢ exports charge on the sensing
clectrode 21a within one frame to a time when the exporting
module 22¢ exports the charge on the sensing electrode 21a
within a next frame, the sensing electrode 21a may accu-
mulate charge by capturing the electron, which 1s finally
exported by the exporting module 22¢, and thus, the amount
of charges exported by the exporting module 22¢ within
cach frame may be viewed as a total amount of charges
received by the sensing electrode 21a within the previous
frame.

An obtaining module 22d connected with the above-
described exporting module 22¢, the above-described
obtaining module 224 being used for obtaining the 1dentifier
of the recerving umt 21 which receives the above-described
clectron beam, and the reception intensity of the above-
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described electron beam from the above-described receiving
unit 21, according to the total amount of charge received by
cach of the above-described sensing electrodes 21a obtained
by the above-described exporting module 22¢. For example,
il a total amount of charge received by the sensing electrode
21a only at a second row and a third column in the diagram
within one frame 1s greater than a preset threshold, then, 1t
may be determined that the reception position of the electron
beam 1s just a position of the sensing electrode 21a on the
preset plane, and thus, the reception position may be
obtained just by obtaining the identifier of the recerving unit
21; on the other hand, since the reception position of the
electron beam has been determined, the total amount of
charges received by all the sensing electrodes 21a at the
reception position and positions nearby may be added to
obtain the reception intensity of the electron beam.

It can be seen that, n an embodiment of the present
disclosure, the charge accumulated on the sensing electrode
within the previous frame may be read by scanning in each
frame, so as to obtain the reception position and the recep-
tion intensity of the electron beam.

FIG. 4A 1s a top-view structural schematic diagram of a
three-dimensional display device near a preset plane accord-
ing to an embodiment of the present disclosure. FIG. 4B 1s
a sectional schematic structural diagram of A-A' of FIG. 4A.
With reference to FIG. 4A and FIG. 4B, the above-described
switching module 22a according to the embodiment of the
present disclosure may be a thin film transistor (and may
also be other electromically controlled switching element,
such as an electric relay, a Hall switching element or other
types of transistor in other embodiments), and a gate elec-
trode of the thin film transistor and the scanning line (e.g.,
(G2 and G3) are formed by a same conductive material layer,
and a source-drain electrode and the sensing line (e.g., S3,
S4 and S35) are formed by a same conductive material layer.
Meanwhile, the thin film transistor includes an active layer
22aa, both sides of the active layer 22aa are respectively
connected with a source electrode metal layer and a drain
clectrode metal layer, and its forming region corresponds to
a forming region of a gate electrode metal layer. In addition,
the thin film transistor further includes some insulating
medium layers as shown 1n FIG. 4B, and thus, a function of
the above-described switching module 22a can be achieved.

On the other hand, since the above-described sensing
clectrode 21a 1s used for recerving the electron beam, 1n
order to avoid the electron beam from being blocked by
other metal layers, the three-dimensional display device
should not comprise, between a surface of emitting light and
the preset plane, a metal layer overlapping too much with the
forming region of the sensing electrode 21qa; and in order to
avoid other metal layers from recerving the electron beam to
generate an interference signal, a shielding electrode layer
31 may be disposed near the surface of emitting light, so that
the shielding electrode layer 31 covers a display region
except the forming region of the sensing electrode 21a of the
three-dimensional display device.

Further, the three-dimensional display device may be
provided with a light-transmissive region and a non-trans-
missive region; and in order to avoid arrangement of the
scanning line, the sensing line and the switching module
from aflecting a pixel aperture ratio of the device, the
scanning line, the sensing line and the switching module 224
may be all located within the above-described non-trans-
missive region. Meanwhile, the sensing electrode 21a may
be made of a transparent conductive material, and 1s located
within the above-described light-transmissive region.
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On the basis of any one of the above-described three-
dimensional display devices, the above-described device
may further comprise an array substrate and a color filter
substrate (CF substrate) disposed opposite to each other, and
a liquid crystal layer located between the above-described
array substrate and the above-described color filter substrate.
On the basis of the structure of the three-dimensional display
device, the above-described preset plane may be located on
a side of the color filter substrate away from the above-
described liquid crystal layer, so that the electron beam may
be directly blocked by the sensing electrode or be blocked by
the common electrode layer on the color filter substrate,
which will not affect a normal display function.

Based on a same inventive concept, an embodiment of the
present disclosure provides a three-dimensional touch sens-
ing method, comprising: emitting an electron beam having
a preset emission intensity to a preset plane at a preset
position located 1n a thickness direction of the three-dimen-
sional display device, so that the above-described three-
dimensional display device 1s configured to:

Receive an electron beam being perpendicularly incident
to the above-described preset plane;

Obtain a reception position and a reception intensity of
the above-described electron beam:;

Determine a projection position of an emission position of
the above-described electron beam on the above-described
preset plane according to the reception position of the
above-described electron beam;

Calculate a distance from the emission position of the
above-described electron beam to the above-described pre-
set plane by a preset electron beam intensity attenuation
relationship, according to the reception intensity of the
above-described electron beam and the above-described
preset emission 1ntensity.

It can be seen that, the method and the three-dimensional
touch sensing method as shown 1n FI1G. 1 correspond to each
other 1n steps and processes, which will not be repeated here.

Based on a same inventive concept, an embodiment of the
present disclosure further provides a wearable device, the
device comprising an emitting umt, the above-described
emitting unit being used for emitting an electron beam
having a preset emission intensity to a preset plane at a
preset position located 1n a thickness direction of a three-
dimensional display device, so that the above-described
three-dimensional display device 1s configured to:

Receive an electron beam being perpendicularly incident
to the above-described preset plane;

Obtain a reception position and a reception intensity of
the above-described electron beam:;

Determine a projection position of an emission position of
the above-described electron beam on the above-described
preset plane according to the reception position of the
above-described electron beam;

Calculate a distance from the emission position of the
above-described electron beam to the above-described pre-
set plane by a preset electron beam intensity attenuation
relationship, according to the reception intensity of the
above-described electron beam and the above-described
preset emission 1ntensity.

In an embodiment of the present disclosure, the above-
described wearable device may have a shape of gloves,
finger cots, or a ring and the like, and may emait the electron
beam having the preset emission intensity, i1ts emission
direction may be designed to be the same as a direction
pointed by a finger, so that an user equipped with the
wearable device may make the electron beam having the
preset emission intensity emitted 1n the direction pointed by
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the finger. It can be seen that, the wearable device and the
above-described three-dimensional touch sensing method
correspond to each other 1n steps, which will not be repeated
here.

In summary, FIG. 5 1s a principle diagram of three-
dimensional touch sensing according to an embodiment of
the present disclosure. With reference to FIG. 5, in a
three-dimensional coordinate system XY Z with an origin as
O, the preset plane 1s located 1n an X—0O—Y plane, and the
above-described three-dimensional display device may
make a three-dimensional 1image displayed within a region
in a positive direction of a Z-axis. According to a prompt of
the three-dimensional 1mage, the user may make a corre-
sponding touch, for example, the user touches a Q point with
coordinates (x0, yv0, z0) 1n a three-dimensional space, and at
this time, a wearable device worn on the user’s finger (not
shown 1n detail) may emit an electron beam whose trans-
mission direction 1s perpendicular to the preset plane at the
Q point with coordinates (x0, y0, z0). A position where the
clectron beam arrives at the preset plane 1s a P point with
coordinates (x0, yv0, 0), so that the receiving unit corre-
sponding to the P point in the three-dimensional display
device may receive the electron beam. Thus, the above-
described three-dimensional display device may obtain the
identifier of the recerving unmit corresponding to the position
of the P point, to determine a projection position of the touch
position of the user on the preset plane, 1.e., values of x0 and
y0. Further, the above-described three-dimensional display
device may, according to a reception intensity of the electron
beam, 1n combination with the preset emission mtensity of
the electron beam emitted by the wearable device, calculate
a distance from the point P to the point Q, 1.e., a value of z0.
Thus, the embodiment of the present disclosure may 1mple-
ment sensing the touch action of the user in the three-
dimensional space, so that touch operation without touching
the screen with the finger becomes possible, which facili-
tates implementing a vivid and lifelike 3D eflect, to enhance
the user experience.

It should be explained 1n the description of the present
disclosure that directional or positional relationships shown
by terms such as “upper”, “lower” are directional or posi-
tional relationships shown as in the drawings, which only
means to facilitate description of the disclosure and simplify
the description, but do not indicate or imply that the devices
or components must have specific directions, or be con-
structed or operated 1n the specific directions, and are not
limitative of the present disclosure. Unless expressly stipu-
lated or defined, terms “mounted”, “connected” and “linked”
should be broadly understood, for example, they may be
fixedly connected, detachably connected, or integrally con-
nected; may be mechanically connected or electrically con-
nected; or may be directly connected, indirectly connected
by a medium, or internally communicated between two
components. For those ordinarily skilled in the art, the
specific meanings of the terms 1n the present disclosure can
be understood according to specific conditions.

In the specification provided herein, a plenty of particular
details are described. However, it can be understood that an
embodiment of the present disclosure may be practiced
without these particular details. In some embodiments, well
known methods, structures and technologies are not illus-
trated 1n detail so as not to obscure the understanding of the
specification.

Similarly, 1t should be understood that, 1n the above
description of the exemplary embodiments of the present
disclosure, different characteristics of the present disclosure
sometimes are grouped into a single embodiment, figure or
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description thereto in order to simplify the disclosure and to
be helpiul 1n understanding one or more of different aspects
of the disclosure. Whereas, the disclosed method should not
be interpreted to reflecting the intention as following: the
present disclosure to be protected claims features more than
that recorded clearly 1n each of the claims. More exactly, the
inventive aspect consists 1n less than all of the features of a
single embodiment previously disclosed, as that has been
reflected 1n following claims. Thus, the claims correspond-
ing to specific implementations are definitely incorporated 1n
their corresponding implementations, in which each claim
acts by 1tsell as a single embodiment of the present disclo-
sure.

It should be noted that the above embodiment illustrate
the present invention but are not intended to limit the present
disclosure, and those skilled 1n the art may design alternative
embodiments without departing from the scope of the
appended claims. In claims, any reference signs placed 1n
parentheses should not be construed as limiting the claims.
The word “comprising” does not exclude the presence of
clements or steps not listed 1n a claim. The word *““a” or “an”
preceding an element does not exclude the presence of a
plurality of such elements. The present mmvention may be
implemented by virtue of hardware including several dii-
ferent elements and by virtue of a properly-programmed
computer. In the device claims enumerating several units,
several of these units can be embodied by one and the same
item of hardware. The usage of the words first, second and
third, etc., does not indicate any ordering. These words are
to be interpreted as names.

The embodiment of the mnvention being thus described, 1t
will be obvious that the same may be varied 1n many ways.
Such vanations are not to be regarded as a departure from
the spirit and scope of the mvention, and all such modifi-
cations as would be obvious to those skilled in the art are
intended to be included within the scope of the following
claims.

The present application claims priority of Chinese Patent
Application No. 201510355772.1 filed on Jun. 24, 2015, the
disclosure of which 1s incorporated herein by reference 1n 1ts

entirety as part of the present application.

The 1nvention claimed 1s:

1. A three-dimensional display device, comprising:

a preset plane, positioned at a preset position 1 a thick-
ness direction;

a plurality of recerving units, the receiving units being
used for recerving an electron beam being perpendicu-
larly incident to the preset plane on the preset plane, the
clectron beam having a preset emission intensity;

an obtaining unit connected with the plurality of receiving,
units, the obtaining unit being used for sequentially
exporting charge on each of the sensing electrodes
within each frame, so as to obtain a total amount of
charge recetved by each of the sensing electrodes
within a previous frame, for obtaining an identifier of
the receiving unit which receives the electron beam,
and a reception intensity of the electron beam received
by the receiving unit according to the total amount of
charge received by each of the sensing electrodes
obtained by the exporting module;

a determining unit connected with the obtaining unit, the
determining unit being used for determining a reception
position of the electron beam and a projection position
ol a touch position on the preset plane according to the
identifier of the receiving unit obtained by the obtaining
unit;
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a calculating unit connected with the obtaining unit, the
calculating unit being used for calculating a distance
from the touch position to the preset plane, according
to the reception 1ntensity of the electron beam obtained
by the obtaining unit and the preset emission intensity,

wherein the reception intensity of the electron beam 1s
obtained by accumulating charges which are received
by the receiving unit at the reception position of the
clectron beam and charges which are received by the
receiving units at positions nearby the reception posi-
tion of the electron beam,

wherein the plurality of recerving units include: a plurality
of sensing electrodes located on the preset plane, and a
common electrode layer having a preset distance from
the preset plane; the plurality of receiving units corre-
spond to the plurality of sensing electrodes 1n a one-
to-one correspondence relationship;

the sensing electrode and the common electrode layer
constitute two electrodes of a capacitor for receiving
the electron beam emitted by the wearable device and
being perpendicularly incident to the preset plane,

wherein a shielding electrode layer 1s provided near the
emitting light surface of the three-dimensional display
device, and the shielding electrode layer covers a
display region except a forming region of the sensing
clectrode 1n the three-dimensional display device.

2. A three-dimensional touch sensing method by using the
three-dimensional display device according to claim 1, com-
prising:

recerving an electron beam being perpendicularly incident
to a preset plane on the preset plane, the electron beam
having a preset emission intensity;

obtaining a reception position and a reception intensity of
the electron beam;

determiming a projection position of a touch position on
the preset plane according to the reception position of
the electron beam; and

calculating a distance from the touch position to the preset
plane according to the reception intensity of the elec-
tron beam and the preset emission intensity,

wherein the reception intensity of the electron beam 1is
obtained by accumulating charges which are received
by a receiving unit at the reception position of the
clectron beam and charges which are received by a
receiving unit at positions nearby the reception position
of the electron beam,

wherein the obtaining a reception position and a reception
intensity of the electron beam includes:

obtaining the reception position of the electron beam;

obtaining the reception intensity of the electron beam
includes:
according to the reception position, accumulating

charges which are received by a receiving unit at the
reception position of the electron beam and charges
which are received by a receiving unit at positions
nearby the reception position of the electron beam, to
obtain the reception intensity of the electrode beam.

3. The method according to claim 2, wherein the calcu-
lating a distance from the touch position to the preset plane
according to the reception intensity of the electron beam and
the preset emission 1ntensity, icludes:

calculating the distance from the touch position to the
preset plane, according to a preset electron beam inten-
sity attenuation relationship, the reception intensity of
the electron beam and the preset emission intensity.

4. The method according to claim 2, wherein the preset
clectron beam intensity attenuation relationship 1s:
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where, 1 1s the reception intensity of the electron beam, A
1s an attenuation ratio of a non-air medium layer
through which the electron beam passes to the electron
beam, I, 1s the preset emission intensity, m 1s an
attenuation coellicient corresponding to air, and d 1s a
thickness of an air medium layer through which the

clectron beam passes.
5. The method according to claim 4, wherein the attenu-

ation coellicient 1n the preset electron beam intensity attenu-
ation relationship 1s obtained by an actual test performed 1n
advance.

6. The method according to claim 2, further comprising:
determining a spatial position of the touch position accord-
ing to the projection position, and the distance from the
touch position to the preset plane.

7. The method according to claim 2, wherein the electron
beam 1s emitted by a wearable device at the touch position.

8. The device according to claim 1, wherein according to
the reception intensity of the electron beam obtained by the
obtaining unit, the preset emission intensity and a preset
clectron beam intensity attenuation relationship, the calcu-
lating unit calculates the distance from the touch position to
the preset plane.

9. The device according to claim 1, wherein the electron
beam 1s emitted by a wearable device at the touch position.

10. The device according to claim 1, wherein 1n an
incident direction of the electron beam, the common elec-
trode layer 1s away from a emitting light surface of the
three-dimensional display device further than the preset
plane.

11. The device according to claim 10, wherein the gate
clectrodes of all the thin film transistors in the plurality of
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switching modules and the plurality rows of scanning lines
are formed by a same conductive material layer, and the
source electrode and the drain electrode of all the thin film
transistors 1n the plurality of switching modules and the
plurality columns of sensing lines are formed by a same
conductive material layer.

12. The device according to claim 1, further comprising:
an array substrate and a color filter substrate disposed
opposite to each other, and a liquid crystal layer located
between the array substrate and the color filter substrate; the
preset plane being located on a side of the color filter
substrate away from the liqud crystal layer.

13. A three-dimensional touch sensing method, compris-
ng:

emitting an electron beam having a preset emission inten-

sity to a preset plane at a preset position located 1n a
thickness direction of the three-dimensional display
device according to claim 1, so that the three-dimen-
stional display device 1s configured to:

recerve the electron beam being perpendicularly incident

to the preset plane;

obtain a reception position and a reception intensity of the

electron beam;

determine a projection position of an emission position of

the electron beam on the preset plane according to the
reception position of the electron beam:;

calculate a distance from the emission position of the

clectron beam to the preset plane by a preset electron
beam intensity attenuation relationship, according to
the reception intensity of the electron beam and the
preset emission ntensity.
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